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This was a prospective, randomized evaluation of the 
safety and efficacy of 10 weeks of circuit weight training 
in patients, aged 35 to 70 years, with documented coro•
nary artery disease. Circuit weight training refers to the 
performance of a series of weight-lifting exercises using 
a moderate load with frequent repetitions. Patients had 
participated in a supervised cardiac rehabilitation pro•
gram for a minimum of 3 months before the study. Con•
trol patients (n = 20) continued with their regular ex•
ercise consisting of a walk/jog and volleyball program, 
while the experimental group (n = 20) substituted circuit 
weight training for volleyball. No sustained arrhythmias 
or cardiovascular problems occurred. 
Exercise conditioning is a major component of cardiac re•
habilitation programs. Traditional exercise guidelines em•
phasize activities that are considered to be primarily aerobic 
in nature, usually walking, jogging, cycling or swimming. 
Resistive strength exercise such as weight lifting has usually 
been proscribed in cardiac patients; however, maintenance 
and improvement in strength, especially upper body strength, 
is important for many cardiac patients either for their oc•
cupation or leisure-time activities. 
Circuit weight training requires the trainee to exercise in 
short bursts, using moderate weight loads with frequent 
repetitions, then rest for a short time before performing the 
next exercise. This method of exercise challenges both the 
skeletal muscles and cardiovascular system. Circuit weight 
training is widely used by healthy adults and athletes for 
improving both strength and aerobic endurance (1-5). Our 
study was a randomized, prospective evaluation of the ef-
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The experimental group significantly increased tread•
mill time from 619 to 694 seconds while the treadmill 
time of the control group did not change. Strength in 
the experimental group increased by an average of 24 % 
while there was no change in the control patients. Circuit 
weight training appears to be safe, and to result in sig•
nificant increases in aerobic endurance and musculo•
skeletal strength compared with traditional exercise used 
in cardiac rehabilitation programs. 
(} Am Coli CardioI1986;7:38-42) 
ficacy and safety of circuit weight training in improving 
strength and aerobic endurance in patients with coronary 
artery disease. 
Methods 
Patients. The study groups were selected from men, 
aged 70 years or younger, with well documented stable 
coronary heart disease (history of myocardial infarction, 
coronary artery bypass surgery or angina) who were partic•
ipating in the Prescribed Active Cardiac Exercise (PACE) 
program at the Catonsville Community College in Balti•
more, Maryland for at least 3 months with better than a 
65% attendance record. Patients were excluded from the 
study for the following reasons: uncontrolled arrhythmias, 
uncontrolled hypertension (diastolic blood pressures at rest 
> 100 mm Hg), participation of less than 3 months in PACE 
before recruitment, an exercise capacity of less than 6 METs 
on a previous exercise stress test, or a recent history of 
congestive heart failure. Forty-three men, with a mean age 
of 55 ± 8.5 years (range 35 to 70), gave informed consent 
to participate in the study. 
Measurements. Pre- and posttraining measurements in•
cluded the following: cardiovascular history questionnaire, 
physical examination, skinfolds with derived percent body 
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fat (6), left ventricular dimensions measured by M-mode 
echocardiography and qualitative assessment of overall left 
ventricular function using two-dimensional echocardiog•
raphy, maximal hand grip strength using a Harpenden hand•
grip dynamometer and heart rate, blood pressure and electro•
cardiographic response to a I minute hand grip test at 50% 
maximal strength. One-repetition maximal strength was 
measured on 8 of the 10 circuit weight training machines 
(Table I). Strength was recorded as the maximal number 
of pounds lifted in one full range of motion. A symptom•
limited standard Bruce treadmill test (7) was performed 
using a Quinton Status 2000 system. Twelve lead electro•
cardiogram, heart rate and blood pressure were obtained 
during each stage of the test, and total time (seconds) on 
the treadmill was recorded. 
Study protocol. After the pretraining testing, patients 
were randomly assigned to circuit weight training (n = 20) 
or to the control group (n = 23). Exercise sessions were 
held in the physical education center of Catonsville Com•
munity College, 3 times a week for 10 weeks. Circuit weight 
training was performed in the weight room adjacent to the 
main gymnasium. Universal Gym variable resistance ma•
chines were used in the circuit. There were six arm, two 
abdominal and two leg machines in the circuit !Table I). 
Patients used weights set at 40% of I-repetition maximum 
and were instructed to perform 10 to 15 repetItions per 
machine. On the machine not requiring weights, patients 
were instructed to perform 12 to 15 repetitions during the 
30 seconds. Patients were instructed to breathe freely during 
these exercises and to avoid the Valsalva maneuver. They 
exercised for 30 seconds, rested for 30 seconds and then 
moved to the next machine. Two circuits were completed 
in each exercise session. After the fifth week. patients per•
forming CIrcuit weight training were reevaluated for I-rep•
etition maximum on each machine, and the weight used 
during training was adjusted accordingly to represent 4OC'/c 
of the new I-repetition maximum. 
The circuit weight training group performed a 10 minute 
warm-up, consisting of calisthenics and stretching, then ex•
ercised in the circuit training room for 20 minutes and per-
Table l. Circuit Weight Stations 
Ann; and upper torso 
VertICal fly 
Ann curl 
Shoulder press 
High pulley 
Low pulley 
Bench pre" 
Legs 
Double leg curl 
Double leg extension 
Abdomen/hips (no weight measurements) 
Bent leg Sit-upS 
Hlp flexor 
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formed a 20 minute walk/jog exercise during each session. 
Patients were instructed to exercise at a target heart rate set at 
85% of the maximal heart rate attained during treadmill test•
ing. The control group also performed a 10 minute warm•
up, a 20 minute walk/jog exercise and then played volleyball 
for the additional 20 minutes during each session. 
Patient monitoring. Ambulatory Holter monitoring was 
used on one to two occasions for each patient to assess 
compliance to target heart rate during the walk/jog exercise 
and to analyze frequency of arrhythmia. The patients also 
kept individual records of their self-monitored pulse rate 
during exercise. Radiotelemetry was used in the circuit weight 
training room for an average of four to five times per patient 
to evaluate the electrocardiogram, heart rate response and 
arrhythmias during circuit weight training. Cuff blood pres•
sures were measured by a nurse immediately after exercise 
on each machine on the evenings that the telemeters were 
worn. The cuff was worn by the patient during the entire 
session. It was secured lightly by tape, and the actual mea•
surement of the blood pressure was made within seconds 
after stopping exercise. Continuous recordings of the elec•
trocardiogram obtained during circuit weight training were 
made for subsequent analysis. The entire program was closely 
supervised by a physician, coronary care unit nurse, physical 
educator and a cardiac technician. 
Complications. In the control group, three patients were 
unable to complete the 10 week session and follow-up test•
ing because one was hospitalized with cholecystitis and a 
second with pneumonia. The third patient sustained a re•
current myocardial infarction, not in association with the 
exercIse program. These three patients are not included in 
the subsequent statistical analysis or reported values. 
In the experimental group, one patient had symptomatic 
hypotension due to dehydration during circuit weight train•
ing and responded to the oral administration of fluids. Four 
patients had brief episodes of ventricular bigeminy and four 
others had occasional isolated premature ventricular com•
plexes during circuit weight training. The rate of occurrence 
of these arrhythmias was similar for the walk/jog exercise 
period. No sustaIned arrhythmias or other cardiovascular 
complications were observed in any of the patients. 
Statistical analysis. Comparisons of pre- and posttest 
physiologic, anthropometric and performance measures were 
made between and within groups using two-way repeated 
measures analysis of variance. The null hypothesis was re•
jected if the significance level was less than 0.05. 
Results 
Comparability of the two groups. Patients in both groups 
were comparable with respect to history of myocardial in•
farction, hypertension, use of beta-receptor blockers, left 
ventricular function measured on the echocardiogram, isch•
emia on the treadmill test and months of participation in the 
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Table 2. Description of Patients by Disease Categories, 
Medications and Mean Number of Months in Rehabilitation 
Circuit Control 
Group Group 
(n = 20) (n = 20) 
Myocardial mfarction 15 16 
Coronary artery bypass graft II 4 
Beta-receptor blockers II 12 
Hypertension 9 7 
Echocardiography-akinesia 9 6 
Ischemia on stress test 12 8 
Angina I 8 
Months in rehabilitation 40 30 
PACE program (Table 2). More patients in the circuit weight 
training group had previous coronary artery bypass grafting 
(11 versus 4) and more control patients reported a history 
of angina on their questionnaire (8 versus 1). However, only 
one patient in each group experienced angina during the 
treadmill testing. No patient in either group was limited by 
angina during exercise testing or training. Body weight, 
percent body fat, handgrip strength, treadmill time and strength 
measured on the circuit weight training machines were also 
comparable between the groups at the pretest (Tables 3 and 
4). 
Effects of exercise. Frequency of treadmill angina and 
left ventricular function did not change from pre- to post•
testing. There was no change in either group in total body 
weight, although both groups showed a small but significant 
reduction in percent body fat (Table 4). 
Handgrip strength increased significantly in both groups 
from pre- to posttest but there was no significant difference 
between groups (Table 4). Treadmill time in the circuit 
weight training group increased significantly (12%) with 
training (from 619 to 694 seconds). There was no significant 
improvement in treadmill time in the control group (Table 
4). 
The i-repetition maximal strength measured at each cir•
cuit weight training machine increased significantly on seven 
Table 3. Changes in Strength Consequent to 10 Weeks of Training 
Circuit Weight Group 
Pretest Posttest 
Vertical fly 35.2 ± 9 44.7 ± 8t 
Arm curl 46.5 ± 13 52.0 ± 13* 
Shoulder press 79.5 ± 15 93.0 ± 16t 
Leg curl 32.3 ± 9 41.0 ± 9t 
High pulley 96.0 ± 27 105.1 ± 35 
Leg extension 58.0 ± 16 88.5 ± 23t 
Low pulley 62.0 ± 15 78.5 ± 15t 
Bench press 101.0 ± 18 107.7 ± 6t 
JACC Vol 7, No. I 
January 1986.38-4~ 
of eight machines in the circuit weight training group while 
the control group improved only on the leg curl (Table 3). 
The average increase in strength in the circuit weight training 
group for all eight machines was 24%. 
Comparisons of patients performing circuit weight train•
ing stratified by presence/absence of angina, myocardial 
infarction, coronary artery bypass graft surgery or by left 
ventricular function showed no differences in the magnitude 
of aerobic or strength improvement. 
Hemodynamics during testing and training (Table 
5). Peak heart rate, blood pressure and rate-pressure prod•
uct on the treadmill was similar between groups, and did 
not change significantly from pre- to posttesting. Target 
heart rate for the walk/jog phase of exercise was established 
at 85% of maximum obtained during the pretest treadmill 
test. There was no significant difference in adherence to the 
target heart rate during the walk/jog phase of exercise be•
tween the circuit weight training and the control group. 
Target heart rates were 127 ::!:: 20 and 126 ::!:: 15 beats/min 
and walk/jog heart rates were 130 ::!:: 25 and 134 ::!:: 28 
beats/min for the circuit weight training and control groups, 
respectively. 
Heart rates during circuit weight training were signifi•
cantly lower for patients using beta-receptor blockers com•
pared with those not receiving these agents. In the circuit 
weight training group, target heart rates were 139 ::!:: 15 and 
110 ::!:: 13 beats/min, circuit weight training heart rates were 
121 ::!:: 13 and 95 ::!:: 9 beats/min and walk/jog heart rates 
were 143 ::!:: 23 and 108 ::!:: 23 beats/min for patients not 
taking beta-blockers and patients taking beta-blockers, re•
spectively. For all patients performing circuit weight train•
ing, peak heart rate during circuit weight training was 12% 
below target, while peak heart rate during the walk/jog 
exercise was 4% above target. Only one patient exceeded 
his target heart rate during circuit weight training. The cor•
relation between target and peak heart rates during circuit 
weight training was r = 0.81 (p < 0.001). 
Peak systolic blood pressure attained during treadmill 
testing and circuit weight training did not differ significantly 
Control Group 
Percent Percent 
Change Pretest Posttest Change 
26.9 35.0 ± 7 39.0 ± 6 9 
11.8 43.0 ± 10 43.0 ± 12 0 
170 86.0 ± 12 93.0 ± 15 7 
27.0 31.0 ± 7 39.4 ± 6t 19 
10.0 950 ± 21 91.7 ± 17 -4 
52.0 53.0 ± 17 61.0 ± 15 12 
26.6 61.0 ± 10 71 I ± 13 13 
6.0 1060 ± 14 103.3 ± 17 -2 
Values are mean ± SD. *, t indicates value significantly different from pretest value: *p < 0.05; tp < 0.01. 
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Table 4. Selected Variables for the Circuit Weight Training and Control Groups 
Circuit Weight Group Control Group 
Pretest Posttest Pretest Posttest 
Body weight (lb) 175,8 ± 24 176,2 ± 24 178,0 ± 27 176,8 ± 26 
Body fat (%) 20,8 ± 4.4 19.4 ± 3,lt 22,0 ± 4.4 21.5 ± 3.5t 
Handgrip strength (kg) 43.0 ± 7.7 46.1 ± 7.2* 43.5 ± 8.2 44.0 ± 8.2* 
Treadmill time (s) 619 ± 124 694 ± 124t 611 ± 101 622 ± 119 
Values are mean ± SO. *, t indicates value significantly different from pretest value: *p < 0.05; tp < 0.02. 
between those who were using beta-blockers as compared 
with those who were not. Peak systolic blood pressure (mm 
Hg) was 175 ± 24 during handgrip testing, 168 ± 26 during 
treadmill testing, 141 ± 20 during circuit weight training 
and 139 ± 20 during walk/jog exercise. Correlation of blood 
pressure attained during circuit weight training with hand•
grip blood pressure was r = 0.67 (p < 0.001), and treadmill 
blood pressure was r = 0.59 (p < 0.006). 
Discussion 
The present study demonstrates the efficacy of circuit 
weight training in selected patients with stable coronary 
heart disease when circuit weight training is incorporated 
into a traditional cardiac rehabilitation program. Circuit weight 
training has been evaluated as a means of improving strength 
and endurance in athletes and as a leisure time activity in 
other healthy subjects. Previous studies have shown variable 
results in improvement in aerobic endurance as measured 
by increased maximal oxygen uptake or increased time on 
a treadmill, or both. In a few studies (1,2,4,5), the range 
of improvement in aerobic endurance was 5 to 15%, whereas 
other studies (8,9) showed no improvement. Significant im•
provement in strength has been a consistent finding for the 
same subject populations. Improvement in the range of 15 
to 20% has been seen. 
Cardiac patients have generally been excluded from weight•
lifting exercises. However, previous studies (10-13) have 
demonstrated the relative safety of weight carrying and lift•
ing in selected patients after a myocardial infarction. Cardiac 
patients do have the need, both in their occupation and in 
their leisure-time activities, to maintain or improve upper 
body strength. Some cardiac rehabilitation programs, there-
fore, have added exercises that use the upper body. Aerobic 
circuits have been designed using arm ergometers and row•
ing machines for this purpose. 
A variety of circuit weight training programs are now 
available in many communities. Most use the concept of 
moderate weight, frequent repetitions, with minimum rest 
periods between stations. The availability of these programs 
in many communities makes circuit weight training an ap•
pealing and perhaps motivating exercise approach for car•
diac patients. 
Beneficial effects of circuit weight training. Our pa•
tients in this study increased treadmill time and strength to 
a degree similar to that reported for normal subjects. Since 
exercise is type and muscle group specific, improvement in 
strength was anticipated. The significant improvement in 
treadmill time in the circuit weight training group compared 
with the control group was more surprising because both 
groups participated in a walk/jog program. A limitation in 
the design of our study is potential bias to the end point of 
treadmill testing from both patients and investigators. How•
ever, patients in each group exercised to almost identical 
cardiovascular limits on the pre- and posttest treadmill eval•
uations. The pretest was performed before randomization. 
Thus, the improvement in treadmill time in the circuit weight 
training group demonstrates a true difference in cardiovas•
cular fitness. 
Compliance. Most patients in the study had participated 
in a regular cardiac conditioning program for many months 
(mean 30). It has been reported (14) that a plateau or actual 
decrease in exercise capacity for patients occurs during the 
second or third year of participation in a rehabilitation pro•
gram. This lack of further development in fitness levels most 
likely represents a lack of compliance with the exercise 
Table 5. Maximal Values for Cardiovascular Responses During Treadmill Testing 
Circuit Weight Group Control Group 
Pretest Posttest Pretest Posttest 
Heart rate (beats/min) 146.7 ± 24 1472 ± 22 141 7 ± 20 140.4 ± 20 
Blood pressure (mm Hg) 167.6 ± 26 170.4 ± 23 174.3 ± 18 172.8 ± 19 
Rate pressure product (U) 254 ± 6 258 ± 5 255 ± 5 253 ± 5 
Values are mean ± SO. 
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prescription or decreased motivation rather than with a pro•
gression of disease. The addition of a new form of exercise 
was received enthusiastically by the present group of pa•
tients. The attendance rate during the study was 81 % for 
the circuit weight training group and 66% in the control 
group (p < 0.003). Because of better compliance, the circuit 
weight training group may have crossed a conditioning 
threshold that resulted in an improvement in cardiovascular 
fitness compared with the less compliant control group. 
Whether the improvement in cardiovascular fitness is due 
to the direct effects of circuit weight training or to better 
compliance with the exercise program is not entirely clear. 
Our results suggest that adding diversity to a program en•
hances adherence to exercise regimens that may result in 
improved cardiovascular fitness. 
Weight loss remains a problem for many cardiac patients. 
Although there were small decreases in fat body weight in 
both groups, there was no change in total body weight. 
Cardiovascular responses. Peak heart rates during cir•
cuit weight training were 12% less than target or approxi•
mately 73% of the maximum measured on treadmill testing. 
These heart rates were somewhat less than the 80% observed 
by Wilmore et al. (5,15) in a more vigorous circuit weight 
training program in normal sUbjects. They also demon•
strated that subjects exercising at 80% of their maximal heart 
rate were working at less than 50% of their maximal oxygen 
uptake. In that study, despite the relatively low oxygen 
uptake during training, there was significant improvement 
in treadmill time, although maximal oxygen uptake in•
creased only in women. Our present data suggest that im•
provement in aerobic capacity in cardiac patients can be 
accomplished with less vigorous exercise than previously 
observed in normal subjects. 
Significant cardiac arrhythmias were not observed during 
circuit weight training in this group of patients. DeBusk et 
aJ. (i 0) also reported no increase in arrhythmias in post•
myocardial infarction patients during weight carrying. It is 
important to note that patients with uncontrolled baseline 
ventricular arrhythmias were excluded from the present study. 
Excessive blood pressure response to weight lifting alld 
training has been a source of concern for cardiac patients. 
Technically, it was not possible to measure blood pressure 
during weight lifting. However, systolic blood pressures 
immediately after each exercise were only slightly higher 
than pressures measured immediately after the walk/jog pro•
gram. Blood pressure previously measured during treadmill 
testing and handgrip testing was significantly associated with 
blood pressure response to circuit weight training. Thus, 
blood pressure measured during exercise testing can be used 
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to screen patients for hypertensive response during exercise 
training. 
Clinical implications. Circuit weight training, when 
added to a walk/jog program, resulted in significantly im•
proved aerobic endurance and musculoskeletal strength. A 
control group of comparable cardiac patients engaged in a 
walk/jog and volleyball program did not improve. Further•
more, circuit weight training, at a relatively moderate work 
load of 40% of I-repetition maximum, appears to be a safe 
form of exercise in cardiac patients shown to be clinically 
stable by history and evaluated by hand grip and treadmill 
testing. 
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